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Biock copolymers represent an exciting class of complex materials as

they self-assemble into highly regular structures of nanoscopic dimen-
sions. When prepared as thin films, such structures can be used for a
variety of applications including lithographic masks or nanoporous
membranes. Reported here are nanostructures in thin films of structurally
analogous polybutadiene-block-poly(2-vinyl pyridine)-block-poly(tert-
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butyl methacrylate) (BV'T) and polystyrene-block-poly(2-vinyl pyridine)-
block-poly(tert-butyl methacrylate) (SV'T) triblock terpolymers, which are
synthesized via sequential living anionic polymerization. The morpholog-
ical behavior of annealed SVT and BV'T films is investigated by scanning
force and electron microscopies. The difference in the terpolymer compo-
sition results in the formation of an ordered perforated lamella phase in
SVT films and hexagonally packed core/shell cylinders in BVT films.
Further, the BV'T films show high potential for the fabrication of
composite membranes using track-etched poly(ethylene terephthalate)

macroporous filters as a support.

1. Introduction

The development of synthetic membranes has always
been inspired by nature, in particular by the fact that selec-
tive transport through biological membranes is enabled by
highly specialized macro- and supramolecular assemblies
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based on and involved in molecular recognition. The success
of membrane technology has already been impressively
demonstrated for the first large-scale industrial processes,
water purification by reverse osmosis, and blood detoxifica-
tion by dialysis or ultrafiltration. The search for novel syn-
thetic membranes, in particular those with higher transport
selectivity, is still a significant challenge in this field. Cur-
rently, most of the membranes used are produced from or-
ganic polymers via phase-inversion methods, that is, a con-
trolled phase separation of polymer solutions induced by
nonsolvent addition, solvent evaporation, or temperature
change."¥ Many scientifically interesting, technically chal-
lenging, and commercially attractive separation problems
cannot be solved with membranes using current techniques.
Novel membranes with a higher chemical selectivity, for ex-
ample, for isomers, enantiomers, or larger biomolecules, or
with a selectivity that can be switched by an external stimu-
lus or that can adapt to the environment and process condi-
tions are required. In addition, minimizing the thickness of
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the membrane barrier layer is essential. Approaches to de-
velop synthetic “next-generation” membranes have been re-
cently reviewed.”!

The potential of block copolymers with incompatible
blocks for nanotechnology applications has been realized in
the past decade and a considerable number of examples has
been described in the literature.!’ Nanoporous materials
may be generated by the selective removal of one of the
components from a self-assembled block copolymer.
Through adjusting chain length, composition, and molecular
architecture, these materials are able to exhibit pore sizes
and topology of parent structures and they can therefore be
employed as nanolithographic masks, templates, or even
separation membranes. Lee et al. first reported a porous
membrane-like structure from an ordered block-copolymer
precursor. ! The generated porous films were characterized
by using adsorption measurements as well as gravimetric
and spectroscopic methods. Three years later, Smith and
Meier showed that ozonolysis can effectively remove the
polydiene component in polystyrene-block-polybutadiene
(PS-BB) or polystyrene-block-polyisoprene (PS-PI) diblock
copolymers without altering the structure of the uncross-
linked PS domains.!” In 2003, Sidorenko et al. used a mix-
ture of a polystyrene-block-poly(4-vinyl pyridine) (PS-
P4VP) diblock copolymer and 2-(4-hydroxybenzene-azo)-
benzoic acid (HABA). Depending on the casting conditions,
the annealing solvent, and polymer-analogous reactions, thin
films with pores perpendicular to the surface could be gen-
erated.” An elegant way to obtain nanoporous materials
without the need for crosslinking or degradation steps was
shown by Zalusky et al.’! Mesoporous polystyrene mono-
liths were prepared by hydrolytical removal of the polylac-
tide block from a polystyrene-block-polylactide (PS-PLA)
diblock copolymer. Pore sizes within this system were ad-
justable via the molecular weight of the diblock copolymer.
Rather simple methods for alignment of the PLA cylinders
were also presented.”’) Nanoporous PS generated in this way
has the solubility and thermal characteristics of bulk poly-
styrene homopolymer and any potential application of these
materials that requires pore structure stability must work
within these limitations.

A different approach was published by Ndoni et al. in
2003.1' Here the polydiene component of a diblock copoly-
mer was not removed through ozonolysis but kept as matrix
material. They report on the synthesis and radical crosslink-
ing of polybutadiene-block-poly(dimethylsilane) (PB-
PDMS) followed by removal of the silane compound
through HF etching. Unfortunately, the morphology was
strongly affected by the rather rigorous crosslinking condi-
tions. When replacing polybutadiene by polyisoprene and
performing the etching step with tetrabutylammonium fluo-
ride (TBAF) instead of HF, Cavicchi et al. obtained better
results.'Yl They report on the formation of porous PI mono-
liths from ordered, aligned, and crosslinked PI-PDMS.
Structures and porosity were investigated with scanning
electron microscopy (SEM) and small-angle X-ray spectros-
copy (SAXS) measurements after removal of the silyl com-
ponent with TBAF in THF. These experiments showed that
nanoporous rubbers may be generated, having potential as
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functionalizable porous materials through the remaining
double bonds.

It was shown earlier that the microdomain structures in
thin films of SVT triblock terpolymer show pronounced de-
pendence on the film thickness."? Among those, the perfo-
rated lamella (PL) morphology is the most suitable for the
fabrication of novel composite membranes. It was demon-
strated experimentally™'® and in computational simula-
tion"”! that in thin films of cylinder-forming block copoly-
mers the PL phase is stabilized by the strong surface fields.
Moreover, the PL structure was successfully converted into
a pH-responsive layer through the hydrolysis of the ester
moiety of the PIBMA component.¥! Furthermore, addition-
al morphologies such as short standing cylinders or complex
gyroid structures, which provide a complex but regular
channel geometry, are potentially of great interest.

Despite the impressive microscopic, spectroscopic, and
other characterization studies of the ordered porous mor-
phologies based on di- or triblock copolymers, a direct dem-
onstration of the membrane function, that is, permeability
measurements or even a selective permeation controlled by
the nanoporosity of the polymer film, is yet to be accom-
plished.

Here we demonstrate the effect of the triblock terpoly-
mer composition on the resulting complex morphology in
thin films of polystyrene-block-poly(2-vinyl pyridine)-block-
poly(tert-butyl methacrylate) (SVT) and of polybutadiene-
block-poly(2-vinyl pyridine)-block-poly(tert-butyl methacryl-
ate) (BVT) triblock terpolymers. Additionally, we varied
the nature of the substrate, the molecular weight of the
BVT terpolymer and the annealing conditions. By replacing
the rather brittle polystyrene block in the SVT terpolymer
through rubbery polybutadiene, we optimize the matrix
properties, yielding a more flexible system. Furthermore,
crosslinking of the polybutadiene compartment enhances
the thin-film stability. The morphological behavior of an-
nealed SVT and BVT films was investigated by scanning
force microscopy (SFM), transmission electron microscopy
(TEM) and SEM. The strategic aim of this work is to ex-
plore the potential of the fabrication of composite mem-
branes from nanoporous block-copolymer thin films on
macroporous filters as supports.

2. Results and Discussion

In order to induce long-range order of microstructures
of block-copolymer thin films, thermal or solvent annealing
procedures are typically applied. The assembly of micro-
domains at the microscale is accompanied by macroscale
surface roughening, that is, the formation of terraces (coex-
isting flat regions with equilibrium film thickness) and of de-
wetting patterns. These two other dynamic processes are
considered to pronouncedly and destructively affect (in case
of dewetting) thin films from block copolymers with a rela-
tively low total molecular weight. Thin polymer films con-
sisting of comparatively long chains (with a total molecular
weight above 100 kgmol™!) are relatively stable towards
dewetting® on an experimental timescale. In addition, in
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Figure 1. Gel permeation chromatography (GPC) eluograms of poly-
butadiene, polybutadiene-b-poly(2-vinyl pyridine), and two BVT tri-
block terpolymers.

thin films of high-molecular-weight block copolymers, such
as presented in this study, the terrace formation is consider-
ably retarded due to the high viscosity of the polymers.*!

2.1 Thin-Film Phase Behavior of S,V,,T,,"".

After spin-casting from a chloroform solution, the sam-
ples were annealed for 100h in chloroform vapor
(Pcua, = 0.8p,, where p, represents the vapor pressure of
chloroform at 295 K). Under these annealing conditions the
polymer volume fraction in swollen films is ¢=0.36+0.04.
Due to the polymer swelling, the chain mobility is consider-
ably increased, facilitating the diffusion-driven transport
and the development of the equilibrium macro- and micro-
structures.

The annealed SV, T¢;'*’ samples show macrostructures
(terraces) on a scale of tens of micrometers (visible in opti-
cal microscopy). Large-scan SFM height images (not shown
here) reveal coexisting terraces with the heights of T,=16+
3nm and 7,=36+2 nm with characteristic microstructures
in each terrace, which can only be visualized using SEM
(Figure 2). On a microscale the SFM height and phase
images show no lateral structure (inset in Figure 2 A). The
whole polymer surface is covered with a smooth, stiff layer
of one component. In contrast, SEM measurements show
the surface layer to be unstable during the electron-beam
exposure despite a low acceleration voltage of 0.5 kV. Com-
paring all three polymer components, poly(tert-butyl metha-
crylate) (PIBMA) is the only
block that is depolymerized
via photolysis during UV or

Block-Copolymer Membranes

Figure 2. SEM image of a S,4V,;T¢;"° thin film after annealing in
chloroform vapor (pcuc, = 0.8p,; t=100 h) with an acceleration volt-
age of 1.0 kV showing different morphologies dependent on terrace
height. Scale bar: 400 nm. Inset: SFM height image (size 1x1 pm?;
height scale Az=0-20 nm). The sample surface is covered with a
smooth rigid layer of PtBMA.

perature T, ppua)=135°C) continuous cover layer that then
minimizes the interfacial tension between the polymer film
and air.”?! The other two components, polystyrene (yps=
41 mNm ™) and poly(2-vinyl pyridine)  (Ypvp=
40 mNm "), remain underneath this surface layer inde-
pendent of the resulting morphology.

We now describe in more detail the microdomain struc-
tures as revealed by the SEM measurements. The thinnest
part of the film (7} in Figure 1) is often referred to as a dis-
ordered phase or wetting layer. With increasing film thick-
ness, 7, transforms into cylinders orientated parallel to the
substrate, which form the first terrace, 7,. Moreover, with
further increase of the film thickness to 47+2 nm the cylin-
drical structure changes to PL morphology, resembling a
typical filter or membrane surface. The associated changes
in height within one terrace may be due to different charac-
teristic spacings of the cylinders and the PL morphology."
The molecular architecture of SVT suggests that a PL unit
cell consists of a polystyrene core surrounded by a poly
(2-vinyl pyridine) shell and penetrated by well-defined
PrBMA pores (for further information see Refs. [12,13,31]).
The SEM image of a S;4V, Tg;'*" thin film in Figure 3 A indi-
cates the formation of the PL phase over macroscopically
large areas. The hexagonal order of perforations (pores)
with an average diameter of 35+3 nm is confirmed by the

Table 1. Surface tensions of polymer components.

electron-beam exposure.”! In

. Polymer
addition, PrBMA represents y

Surface tension [mMNm™!]

polystyrene

polybutadiene

poly(2-vinyl pyridine)
poly(tert-butyl methacrylate)

the phase with the lowest sur-
face tension (see Table 1),
which is expected to form a

41.0127
24.5-32.0P%3
£40.028!
30.527

glassy (glass-transition tem-
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Figure 3. A) Typical SEM image of a S;4V,;T¢;'“° triblock terpolymer
thin film after spin-casting from chloroform solution and solvent
annealing for 100 h; acceleration voltage 1.0 kV. Scale bar: 400 nm.
B) Fourier transformation confirms the hexagonally arranged PL struc-
ture.

Fourier transformation (inset of Figure 3B). The estimated
porosity of such nanostructures is about 21 %. We note that
the observed microstructures and terrace heights are in
agreement with the combinatorial studies of Ludwigs
et al.P!

2.2 Thin-Film Phase Behavior of B,(V,, T4,

Spin-cast 30 £ 2-nm-thick films were annealed in chloro-
form vapor under the same conditions as described for
S16V2 T . SFM height measurements reveal a macroscopi-
cally smooth surface of the film with no terraces formed
upon the annealing procedure. On a smaller scale, the later-
al nanostructures become visible.

The SFM height image in Figure 4 A reveals coexisting
morphology represented by channels (dark and white
stripes) and by wells (dark dots) surrounded by meshlike
walls (bright area). In the corresponding phase image (Fig-
ure 4B), two phases with different mechanical properties
are clearly distinguished. The dark color in the phase image
corresponds to the PB block, which is the only soft compo-
nent in the presented system. The meshlike hard matrix is
presumably composed of the two other glassy components,
that is, P2VP and PrBMA. We note that, in contrast to the
S16V21Tgs' films, the PL morphology was not observed.

The nanostructured, free surface of B4V, Te;'* films, as
revealed by SFM measurements, indicates that PPBMA does
not form the continuous surface layer that was detected for
S16Va T films (inset to Figure 1). This effect can be ex-
plained by the modified polymer composition, the conse-
quential changes in 7, and the surface tension (Table 1) of
the BVT components. Both PB and PrBMA blocks show
comparable surface tension enabling both components to
segregate to the free surface. Therefore, the lateral nanopat-
tern can be resolved in solvent-annealed films by SFM
measurements.

Additional information concerning the composition of
the meshlike hard matrix was obtained by SEM. Figure 5
displays the microdomain pattern of the BV, Tg'* film
described above (Figure 4). The structure is represented by
core/shell stripes and dots, which we identify with the core/
shell cylinders oriented parallel and perpendicular to the
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Figure 4. A) Typical SFM height image of a B,,V,,T¢;'* triblock ter-
polymer thin film spin-cast from chloroform solution after annealing
for 100 h in chloroform vapor (image size 2.5 x 2.5 pm?; height scale
Az=0-20 nm) showing coexisting morphologies. The low, dark areas
correspond to the soft PB compartment, which is distorted due to
strong SFM tapping conditions. The higher, brighter meshlike matrix
is presumably composed of the other two rigid polymer compart-
ments P2VP and PBMA. The contrast differences in the correspond-
ing phase image (B) confirm this observation (image size

2.5x2.5 ym?; phase contrast 30°).

film surface, respectively, with an average diameter of
67.849.0 nm (Figure 5). The meshlike hard matrix, which
was clearly visualized in SFM images (Figure 4), is decom-
posed upon electron-beam exposure, which implies that it is
composed of PIBMA.

The stripes and distorted dots, which appear as defects
in the hexagonally ordered structure of perpendicular cylin-
ders, annihilate upon increasing the time of equilibration.
Using a step-wise annealing process, we followed the evolu-
tion of cylinders lying parallel to the substrate into cylinders
oriented perpendicular to the substrate. The TEM image in
Figure 6 displays the mechanism of such a transformation
via interfacial undulations along the parallel cylinder axis
and the resulting breakup into spherical domains.®”
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Figure 5. SEM image of the B,,V,,Ts;'* film shown in Figure 4 (accel-
eration voltage 0.5 kV). Only cylinders oriented perpendicular and
parallel to the substrate surface are found, whereas the surrounding
matrix phase, which was clearly resolved in the SFM height measure-
ments (Figure 2), is depolymerized by the electron beam. Scale bar:
400 nm.

Figure 6. TEM image of a B;4V,; T thin film successfully trans-
ferred after controlled solvent annealing for two hours reveals an
intermediate stage in the cylinder-transformation mechanism. The
cylinders orientated parallel to the substrate show a rather undulat-
ed shape resulting in a breakup into spherical domains. Scale bar:
500 nm.

2.3 Thin-Film Phase Behavior of B,,V,sT¢s'%.

To further investigate the molecular architecture effects
on the resulting morphology and long-range order, we stud-
ied a BVT terpolymer with increased total molecular
weight. A 39+3-nm-thick film was prepared under the con-
ditions described above. SFM height measurements revealed
a smooth, macroscale film surface (no terrace develop-
ment).

SEM measurements (not shown) reveal vertically orient-
ed core/shell cylinders with an average diameter of 64+
5 nm, which look similar to the structures described above
for B4V, Tg;'® films (Figure 5). In order to obtain further
insight into the microdomain structure, we performed SFM
measurements of the BVT films after exposure to the elec-
tron beam in SEM.

SFM height and phase images in Figure 7 clearly con-
firm the core/shell morphology. We note that due to remov-
al of the PIBMA block, in the height image the film surface
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Figure 7. A) Typical three-dimensional SFM height image (image size
2.5x2.5 pm?; height scale Az=0-20 nm) of a B,V,5T¢s*®° triblock
terpolymer (spin-cast from chloroform solution, solvent annealed for
100 h) after electron-beam exposure. The resulting morphology of
vertical cylinders can be easily observed. The corresponding phase
image (B) confirms the structure of core/shell cylinders whereas the
soft PB compartment forms the core (black area) and the stiff P2VP
compartment equals the surrounding shell (bright area; image size
2.5x2.5 ym?; phase contrast=20°).

appears to be rough with an average roughness of 6+1 nm,
as calculated by the Nanoscope software. In order to probe
the potential of BVT nanostructures in membrane technolo-
gy, we replaced the silicon oxide substrate by the crystalline
sodium chloride (NaCl) surface, which makes the transfor-
mation of the polymer film from the solid substrate for fur-
ther analysis and usage more feasible. Immediately after an-
nealing on the NaCl substrate, BVT films were transferred
onto carbon-coated TEM grids. Carbon coating enhances
film stability during electron-beam exposure.

The TEM image in Figure 8 A clearly reveals the core/
shell morphology, which confirms the successful film trans-
fer. A further step towards optimization of the mechanical
properties and chemical stability of the membrane proto-
types was achieved by selective crosslinking of the PB com-
ponent via UV initiator. The above procedure considerably
improves the physical properties of the liquid polybutadiene
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Figure 8. A) TEM image of a thin film of B,,V,3T,'® triblock terpoly-
mer spin-cast onto a NaCl wafer from chloroform solution and trans-
ferred onto a TEM grid, revealing hexagonally packed core/shell cyl-
inders: polybutadiene core and poly(2-vinyl pyridine) shell in a poly-
(tert-butyl methacrylate) matrix. Scale bar: 200 nm. B) TEM image of
a crosslinked B,,V,3T*° thin film displaying comparable structures
as shown in (A). Scale bar: 500 nm.

segments, leading to a rubbery material and therefore facili-
tates the film transfer to the technologically approved sub-
strates. Importantly, the desired film nanostructure is per-
fectly preserved after crosslinking (Figure 8 B).

In order to characterize and probe the size/charge-based
permeation selectivity of block copolymer nanostructures,
thin polymer films must be transformed onto suitable sub-
strates providing sufficient mechanical stability of a poten-
tial membrane. Considering the diameters of the pore pre-
cursors identified in this work (~35 nm; SVT), moderately
thick (membrane) filters with pore diameters of between
~(0.2 and ~5 pum are suitable base materials for the fabrica-
tion of block-copolymer thin-film composite membranes.
Surface-functionalized track-etched poly(ethylene tereph-
thalate) (PET) membranes, which have already been well
established as model systems for selective and stimuli-re-
sponsive transport through well-defined pores in the nano-
and micrometer range,**! are the first choice. The transfer
onto other supports, for example to silicon nitride-based mi-
crosieves,* is another perspective. The results of our study
demonstrate that upon annealing under sufficient solvent
vapor pressure, the resulting microdomain structure is not
sensitive to the chemical nature of the substrate (NaCl or
silicon oxide) due to the strong screening effect of the sol-
vent. On the other hand, the transfer of the polymer films

small 2007, 3, No. 6, 1056 — 1063

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

small

to the supporting membranes is considerably facilitated by
the improved mechanical properties of the films.

3. Conclusions

SFM, TEM, and SEM reveal the nanostructures in thin
films of structurally analogous polybutadiene-block-poly
(2-vinyl pyridine)-block-poly(tert-butyl methacrylate) (BVT)
and polystyrene-block-poly(2-vinyl pyridine)-block-poly-
(tert-butyl methacrylate) (SVT) triblock terpolymers. The
difference in the terpolymer composition results in the for-
mation of an ordered perforated-lamella phase in SVT films
and hexagonally packed core/shell cylinders in BVT films.
Both morphologies are considered to be attractive precur-
sors for nanoporous separation membranes. This requires
further processing of the films via selective degradation of
one component in order to “open” the pores.

For the novel BVT terpolymers, several very useful fea-
tures with respect to the membrane technology have been
identified, namely, a similar equilibrium morphology on sub-
strates with different wettability, the feasibility of film trans-
fer to another (porous) substrate, and the stabilization of
the films by internal crosslinking. Thin SVT films demon-
strated membrane-suitable morphology and feasibility of
their transfer onto support membranes. Further processing
of terpolymer microstructures towards nanoporous separa-
tion membranes is currently under investigation.

4. Experimental Section

Synthesis of block terpolymers: The synthesis and characteri-
zation of the linear SVT triblock terpolymers have already been
described.™ The BVT triblock terpolymers were synthesized via
sequential living anionic polymerization in THF using sec-butyl
lithium as initiator. After polymerization of butadiene and 2-vinyl
pyridine at —10°C and —70°C respectively, 1,1-diphenylethylene
was added to reduce the nucleophilicity of the living chain ends.
During the polymerization of the PtBMA block at —35°C, sam-
ples were taken from the reactor after different polymerization
times and were precipitated into degassed methanol. The
number-average molecular weight of the polybutadiene precur-
sor and the molecular-weight distributions of the triblock ter-
polymers were determined by gel permeation chromatography
(GPQ). All polymers exhibit a narrow molecular-weight distribu-
tion characterized by polydispersity indices between 1.01 and
1.05. Additionally, "H NMR spectra were acquired using CDCl; as
solvent and tetramethylsilane (TMS) as internal standard. The
molecular weights of the P2VP and the PtBMA blocks were calcu-
lated using the terpolymer composition determined by NMR and
the polystyrene molecular weights from GPC. The molecular pa-
rameters of the triblock terpolymers are listed in Table 2 and
GPC eluograms of BVT are shown in Figure 1.

Size-exclusion chromatography (SEC): SEC measurements
were performed on a set of 30-cm SDV-gel columns of 5-um par-
ticle size and with nominal pore sizes of 10°, 10% 10°% and
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Table 2. Molecular characteristics of triblock terpolymer.

Polymer® MM Dps/ps @poyp: Dpga”
S16V, T 1.03 1:1.3:3.90
JPAVAR PR 1.02 1:1.3:3.90
By, VyaTes'® 1.02 1:1.3:4.85

[a] Subscripts represent the weight fractions of the respective block
(in weight%); the superscript denotes the total weight-average mo-
lecular weight in kgmol™. [b] Polydispersity determined by GPC.
M,,=weight-average molecular weight; M, =number-average molecu-
lar weight. [c] Relative volume fractions of blocks.

10° A with refractive index and UV (A=254 nm) detection. An
elution rate of 1 mLmin~* with THF as solvent was used.

'H NMR: "H NMR spectra were recorded on a Bruker 250 ac
spectrometer using either CDCl; or [Dg]THF as solvent and tetra-
methylsilane (TMS) as internal standard.

Thin-film preparation: SVT and BVT polymer thin films were
prepared by spin-casting 5 gL ~'solutions in chloroform onto pol-
ished silicon wafers and NaCl surfaces, respectively. In order to
improve the chain mobility and equilibrate the microdomains,
the thin films were annealed under controlled solvent vapor
pressure. The samples were subsequently quenched by a flow of
pure dried air in order to freeze the developed morphologies.
The fast quenching procedure ensures reproducibility.

For crosslinking of the polybutadiene block in BVT thin films,
3 wt.% of the photoinitiator Lucirin-TPO (BASF) was added to a
5glL “'polymer solution. After spin-casting onto NaCl (crysTec
GmbH, Germany) and annealing in controlled solvent vapor, the
samples were subsequently exposed to UV light for 60 min with
a cutoff at 300 nm, leaving the PtBMA block undamaged.

SFM: Microdomain structures and film thickness were inves-
tigated with SFM (Dimension 3100, Veeco Metrology) operated
in tapping mode. The spring constant of the silicon cantilevers
was in the range of 35-92 nNm.™! The corresponding resonance
frequency varied between 285 and 385 kHz. Phase images were
recorded at free amplitudes of about 30-50 nm at a setpoint of
90% of the free cantilever amplitude. Height measurements
were performed by scratching the polymer films with a scalpel
(see Ref. [20]) and measuring the height of the polymer film sur-
face with respect to the underlying substrate. The phase contrast
was resolved due to the different physical properties of the com-
ponents. Polybutadiene is liquid at room temperature whereas
poly(tert-butyl methacrylate) and poly(2-vinyl pyridine) are in a
glassy state at temperatures below 100°C.

Field-emission SEM: We used SEM (LEO 1530, Zeiss) for fur-
ther characterization of the polymer thin films. Due to the de-
polymerization of the PtBMA matrix phase by the electron beam,
new insights into the morphology were gained.?' Applying the
InLens detector with a slow acceleration voltage of 0.5 kV, we
obtained a sufficient material contrast between the two remain-
ing polymer phases without staining or sputtering.

TEM: To create new polymer-composite membranes, it is es-
sential to remove the triblock terpolymers from the substrates,
enabling the transfer to template membranes. To this end we
prepared thin films of B,,VisT¢s™®® on NaCl substrates (as ex-
plained above). After solvent annealing, the NaCl plates were
dissolved in bidistilled water and the free-floating film was
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picked up with carbon-coated copper grids (Plano, Wetzlar). Sub-
sequently, the samples were checked with TEM (CEM 902, Zeiss,
80 kV) for defects caused by the transfer.
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